Introduction
The recent ILAE report regarding the practical definition of epilepsy includes recurrent reflex seizures that are ''associated with an enduring abnormal predisposition to have such seizures'' [1] . In his critical appraisal of the ILAE's 2010 revised classification of the epilepsies [2] , Shorvon [3] proposes provoked epilepsy as a fourth category next to the ''established categories'' [4] idiopathic (predominantly genetic), symptomatic (acquired), and cryptogenic (unknown). In this scheme, provoked epilepsies include the subcategory of reflex epilepsies that result from a clearly defined environmental factor inducing seizure occurrence [3] . However, these etiologic categories are not necessary mutually exclusive and integrating recent knowledge on ictiogenesis refines the sharpness of the applied definitions [5] . In a broader sense, it is currently presumed that in all epilepsies an underlying ultimate cause, i.e. a genetic, acquired or cryptogenic aetiology is interacting with several intrinsic and extrinsic proximate facilitating factors lowering a seizure threshold, which results in seizure occurrence.
While these facilitating factors may lead to an unspecific alteration of neuronal excitability, seizure triggers exhibit a direct and immediate influence on seizure occurrence, the source of which is still poorly understood.
Triggers in seizures
A broad variety of triggering factors of seizures has been reported. Triggering stimuli may be classified as extrinsic such as flashes of light or music and intrinsic such as movements or emotion and cognition [6] . If there is an identifiable factor that reproducibly recurrently triggers seizures, the provoked seizures are referred to as reflex seizures. This rare subcategory includes provoked seizures that are ''objectively and consistently evoked by a specific afferent stimulus or by activity of the patient'' [6] , although the degree of reliability of the trigger is not well specified. On a second dimension, the afferent stimuli or triggers may be as simple as light stimuli or more complex such as music or language (Fig. 1) .
In reflex seizures, the most prevalent extrinsic trigger is flashing light. Photosensitivity occurs in approximately 2% of patients with epilepsy [7] and is more frequent in certain syndrome categories such as idiopathic generalized epilepsy (IGE) [8] . Research regarding underlying mechanisms of photosensitivity has received Recent changes in the understanding and classification of reflex seizures have fuelled a debate on triggering mechanisms of seizures and their conceptual organization. Previous studies and patient reports have listed extrinsic and intrinsic triggers, albeit their multifactorial and dynamic nature is poorly understood. This paper aims to review literature on extrinsic and intrinsic seizure triggers and to discuss common mechanisms among them. Among self-reported seizure triggers, emotional stress is most frequently named. Reflex seizures are typically associated with extrinsic sensory triggers; however, intrinsic cognitive or proprioceptive triggers have also been assessed. The identification of a trigger underlying a seizure may be more difficult if it is intrinsic and complex, and if triggering mechanisms are multifactorial. Therefore, since observability of triggers varies and triggers are also found in non-reflex seizures, the present concept of reflex seizures may be questioned. We suggest the possibility of a conceptual continuum between reflex and spontaneous seizures rather than a dichotomy and discuss evidence to the notion that to some extent most seizures might be triggered.
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growing interest due to the increasing exposure to artificial light and a high number of seizures occurring in response to TV presentation or videogames [9] . Other listed triggers include complex visual stimuli, startle, hot water, verbal-cognitive stimuli such as reading or nonverbal-cognitive stimuli such as mental arithmetic [10] [11] [12] . Literature regarding patient reports of triggers name sleep deprivation, emotional stress and fatigue as the most important factors [13] . In children, one of the most commonly reported triggers is fever [14, 15] . Patient reports are a valuable source for the assessment of triggering mechanisms albeit ambiguous conceptions of triggers result in a blurred distinction from facilitating factors. Particularly, it could be argued that fever should be considered a facilitating rather than a triggering factor as it generically lowers the seizure threshold rather than inducing seizure occurrence directly. The same may be true for sleep deprivation [16] [17] [18] , alcohol withdrawal, exposure to drugs [19] , toxins such as heavy metal or carbon monoxide poisoning which have also been associated with seizure occurrence [20, 21] . Further reference to triggers can be found in studies assessing the link between hormonal changes during the menstrual cycle [22] or metabolic disturbances such as hypoglycaemia, renal encephalopathy or hepatic failure [9, 23] and seizure occurrence.
As becomes apparent with this growing list of factors associated with seizure manifestation, there is an urgent need to classify and distinguish triggers and facilitating factors by their underlying mechanism. Whether or not a seizure is acknowledged as being triggered critically depends on the nature of the triggering factor and the individual patient's report. It is generally accepted that a dynamic and multifactorial presence of facilitating factors and triggers modulate the seizure threshold by interacting with genetically and environmentally determined hyperexcitability.
The causal mechanism of seizures
The uniqueness of reflex seizures lies in the direct overcoming of the seizure threshold through presentation of the trigger. In reflex seizures, an identified trigger that constantly evokes seizures is thus perceived as the direct cause integrating underlying aetiology and mechanism [24] . When applying this perspective of a ''causal mechanism'' [25, 26] on ictiogenesis, all seizures may be considered the result of structural and functional changes in brain networks occurring after an initial event resulting in a lowering of the threshold for synchronized activity, i.e. hyperexcitability of certain brain areas [27] . Such an initial event could result in single or multifactorial impacts on structural abnormalities, acquired lesions and genetic predispositions. According to our current understanding these could initiate abnormal firing patterns in a neuronal circuit interrupting homeostatic neuronal transmission, cellular transport or cell metabolism. By these means, the hyperexcitable brain region would become more susceptible for epileptic discharges triggered by functional activation of a small area within this system [24] . Specifically, in reflex epilepsies, the hyperexcitable areas may be activated by exposure to particular sensory, cognitive or motor stimuli eliciting epileptic discharges [11] . Thus, reading epilepsy could be described as the result of epileptic discharges within a hyperexcitable brain area involved in language and reading activated by words, letters or language processing [12] . Importantly, the causal mechanisms of ictiogenesis in reflex and non-reflex seizures encompass a dynamic interplay of the hyperexcitable predisposed areas, facilitating and triggering factors acting on the seizure threshold. The effect of the triggering stimulus as a switch for epileptic activity in hyperexcitable neuronal circuitries may depend on its level of interference with the multi-layered excitability and inhibition within the neuronal network.
Based on the above considerations on the complexity of triggers, their role in ictiogenesis and the assumption of their interplay with a row of facilitating factors, it seems necessary to review the conceptual properties of triggers in seizures. To this end, we review the literature on reflex and non-reflex seizures that have been associated with triggering mechanisms. We conclude that due to the variability of the trigger-seizure relationship and the related varying observability of triggers, a range of yet undiscovered factors that could be categorized as a trigger may be involved in the onset of most if not of all epileptic seizures. We thus suggest that reflex seizures and spontaneous seizures may be the two extremities of a conceptual continuum on which seizures are generated by extrinsic or intrinsic triggers.
Methodology: literature search
Defining terminology. There is a wide range of terminology used to describe aetiology and triggers of seizures. On a temporal scale, seizures are induced by an ultimate causative aetiology as well as a row of 'facilitating factors' that lower the ictiogenic threshold by an unspecific alteration of neuronal excitability. In provoked and reflex seizures a selective stimulus evokes a specific alteration in neuronal excitation that is directly associated with seizure occurrence. In this review, such stimulus will be referred to as 'trigger' synonymously for 'precipitating factor or precipitant', 'evoking factor', 'eliciting factor' and 'inducing factor', to avoid misunderstanding.
Reviewed literature. Medical publications on seizure triggers and reflex seizures were reviewed. A general search was conducted in MEDLINE and EMBASE using a combination of the terms ''seizure'', ''trigger'' ''triggering factors'', ''precipitants'', ''precipitating factors'', ''provoking factors'', ''provoked seizure'', ''facilitating factors'', ''reflex epilepsy'', ''reflex seizure'', ''photosensitivity'' and ''alcohol withdrawal seizure''. References were identified with general search results. Relevant papers were preliminarily identified by title and abstract according to their importance, quality, actuality and originality. Identified articles were screened according to exclusion and inclusion criteria. More publications were added by screening of reference lists of included articles and from the author's own files. By applying the inclusion and exclusion criteria 71 articles were selected for review and discussion.
Inclusion criteria. Articles published since 2000, reporting and reviewing original research in which triggers of seizures have been successfully identified. Studies focussing on reported triggers in reflex seizures, alcohol withdrawal seizures and photosensitivity. Case reports were included if they contributed to the understanding of mechanisms or new triggers.
Exclusion criteria. Articles reporting causes of epilepsy without mentioning possible triggers and studies addressing psychogenic non-epileptic seizures were excluded. Studies using animal models or medication trials in humans or animals were excluded.
Review of the literature

Self-reported seizure triggers
Between 53% and 97% of patients with epilepsy notice at least one triggering factor for their seizures [28] [29] [30] [31] [32] . These triggers are defined as ''those circumstances that precede the onset of an epileptic attack and are considered by both patient and neurologist to be a possible explanation for why the seizure happened when it did'' [28] . Few studies have addressed the assessment of triggers in relation to seizure semiology and relative rates of trigger frequencies across epilepsy syndromes vary largely across studies. This may be explicable by methodological differences during data collection and cultural differences in the reference population [31] . As detailed above, patient reports tend to refer to facilitating factors as triggers. Stress is most frequently reported. Also regularly mentioned are sleep deprivation, the transition between sleep and wake, fever, fatigue, high-intensity exercise, alcohol withdrawal, missing medication and menstruation [13, [28] [29] [30] [31] [32] [33] . Some factors, such as sleep deprivation, stress and fatigue seem to be positively correlated forming clusters that suggest interplay via a common mechanism of action [33] .
Specifically, emotional stress is described to be the most important trigger in self-reported seizures [28, 31, [33] [34] [35] [36] . In patients with mesial temporal lobe epilepsy (MTLE) emotional states of worrying, feeling anxious, anger, tension and stress were reported as being common triggers [30] . The high comorbidity of interictal depression and anxiety in MTLE patients could thus be related to induced affective changes due to recurrent seizures. Equally interesting, patients with psychiatric comorbidities seem to report seizure triggers more frequently, although emotional stress was not specifically reported more often [7] .
The impact of intrinsic and extrinsic triggers may vary with factors like seizure origin and semiology. Limbic seizures occur less often during sleep than extralimbic seizures suggesting sleep stage and time of the day playing a role as a trigger [33] . The effect of sleep and arousal on the occurrence of epileptiform discharges also seems more manifested in primary generalized seizures [37] . Moreover, age and gender of the patient may also modulate the impact of a trigger. The menstrual cycle seems to be a major trigger among women with partial seizures [28] . In particular, catamenial epilepsy has been reported in one third of women with epilepsy and has specifically been linked to the neuroactive properties of reproductive steroids and their differing serum concentrations during the menstrual circle [21] . Furthermore, seizure triggers in children differ from those in adults. In children with intractable epilepsy the three most common factors associated with seizure occurrence were illness and fever (32%), sleep deprivation (13%) and menstruation (10%) [38] .
To sum up, patients most commonly report emotional stress as a trigger followed by endogenous factors such as fatigue, sleep deprivation, fever and the female menstrual cycle. Sensory stimuli, cognitive activity, alcohol or drugs are less often reported. A major problem in comparing different studies on triggers of seizures is the lack of consistency in the definition of a triggering factor. Moreover, triggering factors are difficult to validate and many of the self-reported triggers could objectively be classified as prodromal or premonitory sensations of the patient. A bias in recall of triggers may influence which triggers are reported more frequently. Therefore, further investigation of the topic should also aim for a generally accepted classification of triggers versus prodromal sensations.
Facilitated seizures: the model of alcohol withdrawal
Factors that facilitate seizures chronically or temporary lower the threshold for seizure occurrence by interfering with generic neuronal excitability [39] . A relatively well-understood model of extrinsically facilitated non-reflex seizures has been described in the context of alcohol withdrawal [40] . Due to increasingly early consumption of alcohol and drugs in some Western societies, special importance is drawn towards the effect of alcohol and stimulants that can trigger seizures or lower the seizure threshold [40, 41] . There is relatively little data on the relationship between alcohol and seizures but roughly 25% of alcoholics suffer from seizures, most of which occur during withdrawal [42] . Alcohol withdrawal seizures usually occur 6-48 h after the cessation of heavy drinking [42] , and generalized tonic-clonic seizures are most common. These withdrawal seizures are thought to be triggered by neuronal networks in the brainstem involving the rebound activation of adapted NMDA receptors during withdrawal, that mediate an increase in homocysteine inducing excitotoxicity [43, 44] . GABA (A) and (B) receptors are also likely to play a role [44] . Advances in the understanding of the underlying causal mechanism of alcohol withdrawal seizures has led to optimized therapy approaches for this condition including treatment with longer acting benzodiazepines to inhibit recurrent seizure occurrence [45, 46] . More research is needed to provide a better understanding of the mechanisms that link alcohol or other stimulants and toxins as extrinsic triggers to seizure occurrence. Special attention should be placed on whether extrinsic facilitating factors potentially share common mechanisms with seizures triggers in reflex epilepsy syndromes.
Reflex seizures: the model of photosensitivity
In the traditional definition of reflex epilepsy syndromes, all seizures are triggered by sensory precipitants [10] . The new practical definition of epilepsy [1] specifically acknowledges reflex epilepsy syndromes, i.e. seizures that only occur in response to a specific extrinsic trigger, since they are associated with an enduring abnormal predisposition of the brain to generate seizures.
Reflex seizures compose a group of wide clinical heterogeneity with accordingly variable prognosis [47] . They can be focal or generalized in semiology; however, Italiano et al. [47] suggest that due to their systemic origin, all reflex seizures should be considered either focal or secondarily generalized involving the interplay of several cortical and reticular networks. This notion has also been supported by Binnie et al. [48] , who in the context of photosensitivity outlined a causal mechanism of reflex seizures evolving from an initial focal epileptic discharge and propagating via cortico-cortico and cortico-reticular pathways.
The prevalence of reflex seizures among patients with epilepsy has been reported to be around 5% [49] . In their overview on reflex seizures, Striano et al. [24] list 37 different types of reflex seizures that have been identified according to their triggering stimulus. Reflex seizures are currently assumed to possess a heterogeneous genetic aetiology, probably evolving from complex gene-environment interactions [47] . Triggering factors in reflex seizures are most commonly extrinsic sensory stimuli such as flashing lights or startling noises [49] . Other documented triggers of reflex seizures include visual [50] , olfactory [51] proprioceptive [52] or somatosensory stimuli [53] as well as thinking [54] , music [55, 56] , eating [57, 58] , exercise [59] , reading [60, 61] , hot water [62] [63] [64] [65] , startle [66] and even rare triggers such as orgasms [67, 68] and answering telephones [69] have recently be added to the list. Extrinsic triggers remain the most common type.
One of the strongest and most straightforward extrinsic triggers is photosensitivity, which is defined as the ''propensity to produce epileptiform discharges in response to light stimuli'' [24] . Photosensitive epilepsy is the most common type of reflex epilepsy in humans [70] . It occurs in 2% of patients with epilepsy, at a higher rate in adolescents and females (of all photosensitive patients 30% are adults, 40-45% are females) and in patients suffering from IGE, especially in juvenile myoclonic epilepsy (JME) [24, 47] . Recent work has examined genetic variables of photosensitivity [71] [72] [73] albeit, so far, no major common genes have been identified and inheritance is assumed to be complex [74] .
The triggering light stimulus in patients with photosensitivity can be artificial or natural light such as in photosensitive patients with eyelid myoclonia with absences and self-induced seizures [75] . In most cases, it is stroboscopic light that induces seizures, but more complex visual stimuli such as patterns or moving images on a screen have also been identified [76] . To this end, the ILAE has proposed to substitute the term ''photosensitive'' with ''visual-sensitive'' seizures [77] . Even though the sensitivity for complex visual triggers varies largely among patients with visualsensitive epilepsy, characteristic features of visual triggers have been identified. In particular, increased brightness, patterns such as stripes, flash frequency, alternating red and cyan and a long duration period of stimulation constitute an effective trigger [78] . Seizure semiology varies from bilateral myoclonic seizures of the upper limbs to absences and generalized tonic-clonic seizures [79] . Focal seizures are much rarer but have also been reported including occipital seizures with a visual aura [80] . Importantly, due to the presumed complex genetic component in photosensitivity, different pathophysiological mechanisms could elicit seizures of varying phenotype [73] .
Photosensitivity is assessable with EEG-recording of the photoparoxysmal response (PPR): patients with reflex seizures arising from the occipital cortex including pattern-sensitive generalized seizures display common paroxysmal EEG-abnormalities during presentation of the specific trigger [81] . The PPR is most commonly elicited by a 14-30 Hz intermittent photic stimulation (IPS) and encompasses a row of irregular spikes or spike-and-wave discharges over the occipital and frontal regions, which can develop into a seizure over time [39] . Defective inhibition within the visual system may be a key mechanism underlying PPR and visual-sensitive seizures [82] contributing to a hyperexcitability within the visual system [50, 70, 83] . In particular, altered visual contrast gain control [84, 85] as well as a heightened sensitivity to specific hyper-provocative wavelengths [86] have been considered to be detrimental in photosensitivity. However according to recent studies, photogenic ictiogenesis is likely to involve multiple cortical and subcortical regions beyond occipital and frontoparietal cortices that are primarily associated with vision [87, 88] . The location and size of the hyperexcitable region involved may determine type and number of specific triggers that elicit a seizure [89] and establish the seizure phenotype. Albeit the causal interpretation of involved network hierarchy is arduous, a thorough investigation of the neural firing properties has started by tracking aberrant neural cortical excitability with EEG [90] , MEG [84] , fMRI [91] and transcranial magnetic stimulation (TMS) [83] . Summarizing the evidence from these studies supports the hypothesis that a stimulus which sufficiently triggers a critical mass of occipital neurons that are hyperexcitable due to failure of inhibitory processes (genetic components) would yield epileptiform activity, which may spread to frontoparietal areas and beyond [82] . Indeed, a recent pilot study using TMS found increased phosphene prevalence in people with photosensitive IGE compared to those with non-photosensitive IGE; in particular, these patients had a phosphene threshold lower than the resting state motor threshold indicating increased regional hyperexcitability over the visual cortex [92] . A recent EEG-fMRI study was further able to confirm that the haemodynamic response to IPS in JME patients involves not only an abnormal activation of the striato-thalamocortical network but also the putamen and primary sensorimotor areas [88] . This evidence for dynamic cortical system hyperexcitability and ictiogenesis correspondent to a specific trigger suggests that the visual cortices act as a hotspot in the pathophysiology of photosensitive seizures [92] . Photosensitivity thus embodies a valuable model for reflex seizures evolving from extrinsic triggers [93] .
In other types of reflex seizures such as in reading, writing or speaking epilepsy a combination of extrinsic and intrinsic triggers may act through large overlapping neural networks [94] where physiological activation cumulatively propagates as network hyperexcitability [95] . In the special case of primary reading epilepsy, the complex cognitive process of reading involves visual analysis, memory functions, conversion of written words to phonetic language and acoustic monitoring, thereby activating a wide set of brain regions [12] . Some of the networks associated with ictiogenesis in reading epilepsy have been identified in the dominant premotor cortex and deep prefrontal cortex [96] . Other authors have also pointed out the importance of the left striatum and limbic areas [61] as well as the left dorsolateral prefrontal cortex [97] . However the underlying causal mechanism is not fully understood [11] . The fact that reading seizures can still be language-specific and highly individual suggests that the triggers involved have to act on very distinct hyperexcitable neuronal networks that vary across patient populations [60] .
Interestingly, intrinsic triggers of reflex seizures such as arithmetic, thinking or decision-making are less frequently addressed in the literature. This observation stands in contrast to the notion that intrinsic factors such as emotional stress and fatigue are most commonly reported as triggers by patients with epilepsy. Therefore, it is worth discussing whether the lack of attention towards intrinsic triggers really reflects their lower occurrence or rather the difficulty of studying them objectively.
Intrinsic seizure triggers
Cases of patients with seizures triggered by cognitive activity such as imagery of objects or food have been reported [54, 98] . Startle-induced seizures can occur cryptogenic or as a reflex in patients with metabolic disturbances or large lesions, possibly due to involvement of the cingulate gyrus and supplementary motor area (SMA) [47, 66, 99] . A recent case study gives notice of a possible genetic factor, as dysregulation of excitatory synapses after microdeletion of the IL1RAPL1 gene has been associated with startle epilepsy [100] . Seizures that occur in response to music often involve an important emotional and memory-related feature [55, 101] . Musicogenic seizures have been linked to several temporal lobe foci [56] , depending on the emotional content of the melody or rhythm and the associated memory. Indeed, widespread right fronto-temporal-occipital activation resulting in a seizure was recorded only if the music was emotionally charged rather than neutral [102] . This again highlights the importance of intrinsic emotional triggers as described in patient reports and the likely overlap between emotional states of stress and melancholy acting as facilitating or triggering factors. Moreover, studies reveal a direct temporal relationship between emotional stress and seizure frequency, with the recorded EEG excluding the psychogenic nature of these seizures [103, 104] .
Another possible trigger for seizures lies in the cluster of proprioception, postural changes and hyperglycemia [52] . As an exemplary illustration of triggered seizures that occur in the absence of extrinsic triggering stimuli we present a case report of a patient with seizures linked to postural changes (Box 1).
The presence of a trigger is the defining factor in the classification of reflex seizures. However, the complexity and variety of triggers, the limited observability of intrinsic triggers and the interplay with multiple extrinsic and intrinsic facilitating factors complicates the identification of triggers in seizures and non-reflex seizures. In this light, bearing in mind that the category of reflex seizures is built on the existence of identifiable triggers, is the distinction between reflex and non-reflex seizures a meaningful one? Seizures that are not classified as reflex seizures can still more likely occur if associated with an emotional, cognitive or environmental factor [34] . Illingworth and Ring [105] question the extent to which a distinction between reflex and spontaneous seizures may be justified. Kasteleijn-Nolst Trenité (2012) calls this distinction an artificial one and advocates clarifying terminology and classification in this area [49] . Since patients with reflex seizures usually also have seemingly spontaneous seizures, all seizures could have a spontaneous and a predictable component contributing to their occurrence [106] . Antebi & Bird (1992) thus suggest a continuum with purely unpredictable and spontaneous seizures at one end of the spectrum, and predictable seizures with observable triggers on the other. Moreover, the authors conclude that any individual seizure with an identifiable trigger could be claimed a ''reflex seizure'' [106] . Is it thus liable to categorize reflex and spontaneous seizures as the ends of a continuum, rather than the alternatives of a dichotomy?
Discussion
A continuum of triggered seizures: from reflex epilepsies to spontaneous seizures
The term 'reflex seizure' carries a range of implicit assumptions regarding the relationship between trigger and seizure. It is worth analysing these properties in order to sketch the outlines of the concept of reflex seizures. The literature on reflex seizures implies a close temporal connection between the trigger and the seizure [105] . A varying temporal connection between seizure and trigger results in a distinction between fast-acting and slow-acting triggers. An example of a fast-acting trigger is hyperventilation, which has frequently been reported to induce seizures in MTLE [107] . Other factors may be acting over a longer period of hours such as emotional responses. Slow-acting triggers are likely overlapping with facilitating factors such as anxiety and stress, sleep deprivation, sexual hormones or alcohol [41] . Substantially, it may be more difficult to identify triggers that elicit a delayed response in form of a seizure occurring after a longer period of time.
For the stimulus to be considered a reflex trigger, it needs to be strongly associated with the seizure. This trigger-seizure association requires constancy and psychological reliability, i.e. that the patient is expecting a seizure when a trigger is presented. However, triggers may elicit seizures with less than 100% probability. Moreover, intrinsic and complex stimuli such as cognitive or emotional triggers are more difficult to observe than extrinsic and specific ones. They may well slip the patient's attention and therefore be less often reported than extrinsic sensory triggers [49, 105] . On the other hand, the level of confidence in attribution of seizure occurrence to a trigger may also be influenced by psychological variables, such as anxiety or health locus of control and seizure control [108] .
Importantly, multiple extrinsic and intrinsic triggering factors may interact and simultaneously influence hyperexcitability of different regions. Photosensitive patients with IGE and JME are also more sensitive to intrinsic seizure triggers such as cognitive activity, thinking and reading [11] . For these patients, activities involving both visual and cognitive inputs (such as videogames, for example) bear an even higher risk for seizures than flashing light alone, suggesting a multidimensional interplay between several triggers [78] . Future research should challenge the understanding of common and distinct mechanisms of action in different seizure triggers.
Although a specific trigger can be assumed to act via the same mechanism or hyperexcitable network, producing similar seizures, its effectiveness may depend on its degree of interference with the epileptogenic area. For patients with a high epileptogenic threshold, a longer and stronger stimulation by the trigger would be required for the seizure to occur [109] . Moreover, neuronal activity in one area could possible trigger ictiogenesis in other Box 1. Case report of a patient with postural seizures A 36-year-old man presented with a one-year history of episodic disequilibrium, detachment, poor concentration, and cognitive arrest. These were worse in the mornings, afternoons and evenings. The patient had met all developmental milestones and attended normal schooling. At the age of 16 years, he had sustained a minor head injury without loss of consciousness. At the age of 25 years, he had experienced episodes of disequilibrium with right lower limb paraesthesia. Over a period of two weeks, he had daily episodes characterized by a sense of incoordination, in particular involving the right lower extremity, with a tingling sensation in the right extremities. He did not recall any precipitants, and no postural, positional or diurnal variation at that point. MRI brain scan at that time had revealed long-standing stable hydrocephalus, and no intervention was deemed necessary. The symptoms had resolved completely within six weeks. A full neurologic examination was normal. MRI brain scan demonstrated again long standing arrested hydrocephalus with a number of focal cerebral white matter lesions of unknown aetiology. 24 h ambulatory EEG revealed posterior background activity of 10 Hz. During the awake state, there were frequent runs of rhythmic delta waves over the central regions, lasting 5-15 s. The record demonstrated up to five electrographic seizures per hour, originating over the vertex and spreading to the left centroparietal area. These lasted between 30 s and 9 min. On one occasion, the patient reported habitual dizziness at a time of an electrographic seizure. Episodes of dizziness were also reported at times when the EEG was normal. The patient was started on levetiracetam without benefit, and his symptoms worsened. Repeated 24 h ambulatory EEG six months later showed 13 electrographic seizures, lasting 1-11 min, in a similar distribution as before. Two out of three episodes of dizziness were associated with electrographic seizures. No symptoms or behavioural changes were reported with the other 11 EEG seizures. The patient subsequently underwent diagnostic video telemetry. During 45 h of recording, 31 stereotypical electrographic paroxysms were recorded, all from the awake state, lasting 11 s to 4 min. They all had a sudden widespread onset, with evolution in frequency and amplitude over the central region. A behavioural change (identified by the patient's wife, but not apparent on video), self-reported dizziness or vertigo (''gentle spinning, or intense feeling like on a boat or in a lift'') were seen with seven of them, whereas 24 were asymptomatic. The patient reported dizziness on six further occasions without EEG change. All but three of the EEG paroxysms were preceded by positional changes (sitting up or standing up) about 30 s prior to the EEG change. There were five positional changes without EEG change. The longest EEG paroxysm occurred after 5 min of hyperventilation. It lasted about 4 min and was symptomatic as above.
brain areas by affecting its excitability. In MTLE, dysfunctional neuronal resonators processing sensory and interneuronal information lead to activity in the seizure focus producing epileptic discharges by amplifying normal input [110] . Walker et al. (2002) suggest that an initial event triggers ''critical modulators'' leading to structural and functional changes, which in turn lower the seizure threshold and may eventually lead to the manifestation of epilepsy [27] . Within neuronal networks, causal hierarchies have been observed using fMRI and analyses of effective connectivity. For example, fluctuations in the level of activity of the Default Mode Network (DMN) may contribute to the facilitation of absence seizures. The DMN is thought to sustain self-referential thought (awareness), external environment and monitoring and is deactivated during goal-orientated activity [111] . Vaudano et al. (2009) provide evidence that within the DMN the precuneus may be interacting with the thalamo-cortical network that is generating generalized spike wave (GSW) discharges, the hallmark of absence seizures [112] . In this sense the precuneus could be considered a ''physiological initiator'' of GWS [112] and contribute to the occurrence of absence seizures. Recently, thalamostriate circuitries have also been linked to GSW generation [113] . The reported causal hierarchy remains speculative but it appears possible that neuronal activity within one area can trigger epileptogenic activity in other brain regions. An intrinsic neuronal trigger as such falls out of the narrow definition of reflex seizures. So do seizures that derive from triggers that are not constantly, reliably and temporally associated with seizure occurrence. But ''if the confidence in the relationship per se is a defining characteristic of reflex seizures and epilepsies, then the distinction between reflex and non-reflex may relate more to observational ability than to objective fundamental difference'' [105] . Therefore, we argue that the existence of triggers in non-reflex or spontaneous seizures cannot be discounted. Future research should aim for more specificity in the description of the trigger-seizure relationship as well as distinctive properties of facilitating and triggering factors of seizures.
We have sought to demonstrate that to infer a conceptual continuum one must make a number of assumptions. First, it is necessary to assume that triggers can exist in non-reflex seizures. Second, one must take into account common mechanisms of intrinsic and extrinsic triggers. Last, one must assume the potential triggering (ictiogenic) influence of neuronal activity in one region on other brain areas. All of these assumptions can be drawn from the evidence presented. Furthermore, if one were to attempt to disprove the existence of this conceptual continuum and the involvement of triggers in spontaneous seizures, it would be at once necessary to exclude the existence of any trigger in seizures whatsoever. We claim that this is not possible in our current state of knowledge. However, the definition of variants lying between the extremities of the proposed continuum will have to be refined. Research and conceptual clarification are required to meaningful apply recent knowledge to existing concepts in trigger and seizure classification.
Implications
The unpredictability of their seizures is a major threat to the quality of life of patients with epilepsy. Awareness of triggering factors may make seizures more predictable, and thus give patients a feeling of control over their condition [13, [114] [115] [116] . Moreover, a successful identification of a seizure trigger may have direct indications for the clinical management if patients can adapt strategies to avoid triggering stimuli [117] . Kasteleijn-Nolst Trenité [49] suggests a neuropsychological EEG-protocol that includes reading, speaking, calculation, writing, and spatial construction to identify possible triggers. For writing reflex epilepsy, a similar protocol has been tested to study changes under video/EEG monitoring and functional neuroimaging (fMRI and SPECT) of the patient during neuropsychological testing [94] . Once a trigger-seizure association has been made inducing the triggering stimulus during EEG-recording could monitor treatment effectiveness.
Conclusion
The present discussion emphasizes the urgent importance of rethinking and questioning existing concepts of causal mechanisms in ictiogenesis. The idea of a conceptual continuum of seizures that are triggered and the notion of gradual observability of triggers in seizures, are far from established. It is not intended to amalgamate all seizures together; however, the importance of triggering mechanisms across all seizure types demands further in-depth investigation.
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